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Abstract 

Background: Phosphatase and tensin homolog {PTEN) is a well established tumor suppressor gene. Recently, increasing 
studies investigated the association between PTEN IVS4 polymorphism {rs3830675) and risk of various types of cancer. 
However, the results from the individual studies were controversial. The aim of this meta-analysis was to elucidate whether 
PTEN IVS4 polymorphism was associated with cancer risk. 

Methods: Databases including PublVled, Web of knowledge and Chinese National Knowledge Infrastructure (CNKI) were 
systematically searched to identify potentially eligible literatures. Odds ratios (OR) and their 95% confidence interval (CI) 
were used to assess the strength of association between PTEN IVS4 polymorphism and cancer risk. 

Results: l\ total of seven case-control studies were finally included in this meta-analysis. The pooled analysis suggested that 
individuals with PTEN IVS4 (— /— ) genotype were significantly associated with increased risk of cancer (OR =1.45, 95% 
CI = 1.19-1.76, P<0.001) and subgroup of digestive tract cancer (OR = 1.67, 95% CI = 1.28-2.18, P<0.001) compared with 
(-I-/-I-) genotype. The allele analysis revealed that (— ) allele was significantly associated with increased risk of cancer 
(OR =1.30, 95% CI = 1.12-1.50, P = 0.001) and subgroup of digestive tract cancer (OR =1.42, 95% CI = 1.16-1.74, P = 0.001) 
compared with (-I-) allele. No significant association was observed between PTEN IVS4 (-1-/—) genotype and risk of cancer. 

Conclusion: PTEN IVS4 (— /— ) genotype was significantly associated with increased risk of cancer especially for digestive 
tract cancer compared with (-I-/-I-) genotype. The (— ) allele of PTEN IVS4 (rs3830675) polymorphism was significantly 
associated with increased risk of cancer especially for digestive tract cancer compared with (-I-) allele. The recessive effect 
model and dominant effect model also demonstrated significant association between PTEN IVS4 (rs3830675) polymorphism 
and increased cancer risk especially for digestive tract cancer. Further large-scale and well-designed studies regarding 
different ethnicities are still required to confirm the results of our meta-analysis. 
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introduction 

The global burden of cancer continues to increase largely with 
approximately 12.7 million cancer cases and 7.6 million cancer 
deaths each year worldwide [1]. Carcinogenesis is a multi-step and 
complex process influenced by various environmental and genetic 
factors. Emerging evidence has proved that gene polymorphism 
plays an important role in the difference of individual suscepti- 
bilities to cancer [2] . Identification of gene polymorphism that is 
associated to risk of cancer would largely benefit the early 
prevention and treatment for cancer. 

Phosphatase and tensin homolog [PTEN), a well established 
tumor suppressor gene, is mapped to chromosome 10q23.3. PTEN 
gene spans 105 kb including nine exons and eight introns. The 
403 amino-acid PTEN protein is a dual phosphatase, acting at 
both serine-threonine and tyrosine sites [3]. PTEN protein 
contains three parts: an N-terminal phosphatase catalytic domain. 



a C-terminal C2 domain and a 50 amino-acid C-terminal tail 
which comprises a PDZ binding motif and CK2 phosphorylation 
sites [4]. PTEN is involved in the regulation of cell growth, 
proliferation, and apoptosis in signal transduction pathways and 
participates in the control of cell cycle [5,6]. Since its first clone in 
1997, somatic PTEN mutations have been widely reported in 
various types of cancer including prostate cancer, breast cancer, 
endometrial cancer and so on [7-9]. In recent years, much 
attention has been paid to the germline polymorphism of PTEN 
gene. PTiiLV polymorphisms have been reported to be involved in 
multiple cancers, such as breast cancer [10,1 1], gastric cancer [12] 
and colon cancer [13]. 

PTENIVS4: polymorphism (rs3830675) with ATCTT insertion 
at 109 bp downstream of exon 4 in intron 4 was one of the 
common /'TZi'V polymorphisms. Most recently, increasing studies 
investigated the association between PTEN IVS4 polymorphism 
(rs3830675) and risk of various types of cancer including breast 
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cancer [11,14], colorectal cancer [13], gastric cancer [12,15], 
esophageal cancer [16] and prostate cancer [17]. However, the 
results from individual studies were inconclusive. For instance, 

Canbay ct al. suggested that PZE-V IVS4 (~/~) genotype was 
associated with increased risk of txjlorectal cancer [13]; but George 
et al. reported that no significant association was observed between 
PTEN IVS4 polymorphism and susceptibility to prostate cancer 
[17]. 

Until now, no meta-analysis has been performed to investigate 
the association of PTEM IVS4 polymorphism (rs383()675) with 
susceptibility to cancer. To explore whether PTEM IVS4 
polymorphism (rs3830675) was associated with risks of cancer 
and specific cancer subtypes, we performed a meta-analysis on the 
association between PTEN rVS4 polymorphism (rs3830675) and 
cancer risk in the present study. 

Materials and Methods 

Identification and Eligibility of Relevant Studies 

Electronic databases of Web of Science, PubMed and Chinese 
National Knowledge Infrastructure (CNKI) were systematically 
searched using different combinations of the search terms 
including "phosphatase and tensin homolog/PTEN", "polymor- 
phism/mutation/variant" and "cancer/neoplasm/malignancy". 
The corresponding Chinese search terms were used when 
searching Chinese database. References cited in each included 
literatures were further searched manually to identify potential 
available studies. If the information provided in the literature was 
not sufficiently clear, the author was contacted for additional raw 



Potential relevant studies Identified 
from databases after duplicates 
removal (n=492) 








► 






Full-text articles assessed for 
eligibility (n=24) 












► 


Articles included for meta - analysis 
(n=7) 





Figure 1. Tlie flowchart of literature inclusion and exclusion. 
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data. When overlapping data exists, only the study with more 
complete information was adopted. The last search date was 
November 12th, 2013. 

Inclusion and Exclusion Criteria 

AU the included studies must meet the following criteria: case- 
control study; studies concerning the association between PTEN 
gene IVS4 polymorphism (rs3830675) and risk of cancer; studies 
published in English or Chinese; studies with sufficient raw data 
for estimating odds ratios (OR) and their 95% confidence interval 
(CI). The main reasons for exclusion were: duplicate data; reviews; 
not relevant to cancer or specific polymorphism; animal experi- 
ments; not case-control designed; no raw data even after 
contacting the author. 

Data Extraction 

Two authors (Liping Sun and Jingwei Liu) independentiy 
extracted the data from the included studies. The following data 
were extracted from each individual study: first author, publication 
year, ethnicity of the studied population, cancer type, numbers of 
each genotype in cases and controls, genotyping methods for 
PTEM gene IVS4 polymorphism, source of controls. The conflict 
was resolved after discussion and consensus was finally reached on 
all of the extracted data. 

Statistical Analysis 

All the statistical analysis was performed by Stata software 
(Version 11.0; StataCorp, College Station, TX). ORs and their 



468 records were excluded: 

Obviously irrelevant studies (n=430) 

Reviews (n=9) 

Animal experiments (n=8) 

Not relevant to cancer (n=21 ) 



17 records were excluded: 
Not In English or Ctiinese (n=2) 
No raw data even after contacting the author(n=1) 

Not case-control designed (n=2) 

Not relevant to PTEN IVS4 polymorphism (n=12) 
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95%CI were used to assess the strength of association between 
PTEN gene polymorphism and cancer risk. P value<0.05 was 
regarded as statistically significant. Heterogeneity was assessed by 
I-squared (I^) value and using Q, statistic (P<0.10 suggests 
significant heterogeneity between studies) [18]. When heteroge- 
neity between studies was not significant, a fixed-efiects model 
using Mantel-Haenszel method [19] was used to calculate the 
pooled ORs. Otherwise, a random-eflects model using DerSimo- 
nian and Laird method [20] was performed. Sensitivity analysis 
was performed to explore heterogeneity when significant hetero- 
geneity was indicated. Subgroup analyses were performed to 
explore the effects of ethnicity, cancer type and source of controls. 
In addition, publication bias were assessed qualitatively by 
performing funnel plots and evaluated quantitatively by Begg's 
test [21] and Egger's test [22], respectively. P value<0.1 for Begg's 
and Egger's tests suggests significant pubhcation bias. 

Results 

Study Characteristics 

This meta-analysis was organized based on PRISMA statement 
(PRISMA Checklist). A total of 492 literatures were obtained from 
electronic databases after duphcates removal. After reviewing the 
tides and abstracts, 468 articles were excluded mainly due to no 
relevance, reviews, animal experiments or not about cancer. 
Subsequently, the left 24 publications were further evaluated for 
eligibility. Seventeen literatures were removed because of not in 
English or Chinese, no raw data, not case-control designed or not 
concerning IVS4 polymorphism. Finally, seven fuU-text articles 
with eligibility were included in the present meta-analysis. The 
detailed flow chart of study selection was shown in Figure 1 . 

The baseline characteristics of the studies included in this meta- 
analysis were summarized in Table 1 . AH the included case-control 
studies were published in Enghsh or Chinese from 2001 to 2013, 
altogether consisting of 1831 cases and 2767 controls. The 
ethnicities of the studied populations covered Turkish, Chinese 
and American. The PTEN IVS4 polymorphism in each study was 
all detected by polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) method. The studied cancer 
types of the publications consisted of breast cancer, colorectal 
cancer, gastric cancer, esophageal cancer and prostate cancer. 
Cancer types including esophageal cancer, gastric cancer and 
colorectal cancer were integrated as digestive tract cancer when 
performing subgroup analysis based on cancer type. 

Quantitative Data Syntliesis 

The results of the quantitative synthesis of the data were 
summarized in Table 2. Individuals with PTEN IVS4 {~ / ~) 
genotype were significantiy associated with increased risk of cancer 
(OR= 1.45, 95% CI= 1.19-1.76, P<0.001, Figure 2) compared 
with (+/+) genotype. For subgroup analysis according to cancer 
type, PTENTWSs^ (~/~) genotype was observed to be associated 
with increased risk of digestive tract cancer (OR= 1.67, 95% 
CI= 1.28-2.18, P<0.001) but no significant association was found 
with breast cancer (OR= 1.27, 95% CI = 0.79-2.04, P = 0.318) or 
prostate cancer (OR= 1.20, 95% CI = 0.83-1.73, P = 0.342). As 
for different ethnicities, carriers of PTTSA^ IVS4 [~ / ~) genotype 
were significantiy associated with increased risk of cancer in 
Turkish and Chinese, but not in American population. In the 
subgroup analysis based on source of control, increased cancer risk 
was observed in population-based subgroup rather than hospital- 
based subgroup. 

Individuals with PTFIN IVS4 (+/— ) genotype were not 
significantiy associated with risk of cancer (OR = 1 . 1 0, 95 % 
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Figure 2. Forest plot for the association between PTEN IVS4 (rs3830675) polymorphism and cancer risi< (— /— vs. +/+). 
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CI = 0.84-1.43, P = 0.484, Figure 3) compared with (+/+) 
genotype. However, subgroup analysis based on different cancer 
type indicated that PTEN'TVS4 (+/— ) genotype was significantly 
related with increased risk of digestive tract cancer (OR= 1.33, 
95% CI = 1.05-1.68, P = 0.016); whUe no such association was 
detected in subgroups of breast cancer or prostate cancer. In 
addition, no significant association was observed in different 
subgroup based on ethnicities. It was worth noting that subgroup 
analysis of population-based (PB) and hospital-based (HB) 
demonstrated controversial outcomes (PB: OR=1.31, 95% 
CI= 1.07-1.59, P = 0.007; HB: OR=0.63, 95% CI = 0.41-0.96, 
P = 0.033), which suggested that the selection of the controls might 
influence the result of the relation between PTEM YV&'i (+/~) 
genotype and cancer risk. 

The recessive effect model and dominant effect model also 
demonstrated significant association between PTEN IVS4 
(rs3830675) polymorphism and increased cancer risk {~/~ vs. 
(-/+ and +/+): OR= 1.56, 95% CI= 1.19-2.05, P = 0.001, 
Figure S2; (-/+ and -/-) vs. (+/+): OR = 1.26, 95% 
CI= 1.06-1.49, P = 0.008, Figure S3) especially for digestive tract 
cancer (-/- vs. (-/+ and +/+): OR= 1.70, 95% CI = 1.16-2.49, 
P = 0.007; (-/+ and -/-) vs. (+/+): OR= 1.45, 95% CI= 1.16- 
1.81, P = 0.001). 

The allele analysis revealed that (— ) allele of PTEN IVS4 
{rs3830675) polymorphism was significandy associated with 
increased risk of cancer (OR = 1.30, 95% CI = 1.12-1.50, 
P = 0.001, Figure 4) and digestive tract cancer (OR= 1.42, 95% 
01=1.16-1.74, P= 0.001) compared with (+) aUele. No such 
significant association was found in subgroups of breast cancer or 
prostate cancer. In stratified analysis according to different 



ethnicities, consistendy increased risk of cancer for PTEN IVS4 
(— ) allele was obseived in Turkish and Chinese populations, but 
no significant relation was found in American. 

Heterogeneity Test, Sensitivity Analysis and Publication 
Bias 

In the comparison oi PTEN IVS4 {—/—) genotype with (+/+) 
genotype, no significant heterogeneity was observed in the overall 
analysis and all of the subgroup analyses. Therefore, fix-effect 
model was adopted. In several comparisons oi PTEN TV 84 (+/— ) 
genotype with (+/+) genotype and allele analysis, random-effect 
model were used due to significant heterogeneity (Table 2). 
Sensitivity analysis was subsequently performed to detect the 
influence of individual study on the pooled estimate by omitting 
one study from the pooled analysis each time. The exclusion of 
each single study did not significantly change the pooled OR 
(figure not shown), suggesting that the results of the meta-analysis 
were robust. 

The Begg's test and Egger's test were performed to evaluate the 
publication bias of the studies quantitatively. The detailed 
information for publication bias test was shown in Table 3. 
Significant publication bias were observed in the allele analysis 
and recessive effect model analysis of PTEN gene IVS4 
(rs3830675) polymorphism. Besides, funnel plot that qualitatively 
assessed the publication bias of association between PTEN IVS4 
(— /— ) genotype and cancer risk was presented in Figure SI. 
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Discussion 

Results of previous studies concerning the relationship of PTEM 
gene IVS4 (rs3830675) polymorphism with cancer risk turn out to 
be controversial [1 1-17]. To our best knowledge, this was the first 
meta-analysis investigating the role of PTEM IVS4 polymorphism 
in carcinogenesis. By performing the current meta-analysis, we 
suggested that PT£A^ IVS4 (-/-) genotype and the (-) allele 
were significantly associated with increased risk of cancer 
especially for digestive tract cancer, respectively. However, no 
significant association was observed between PZEA^ IVS4 (+/— ) 
genotype and risk of cancer. 

After its first identification as a tumor suppressor gene in 1997, 
the role of PTEN gene in carcinogenesis has attracted special 
interest. Somatic mutations have been detected in a variety of 
cancer including breast, prostate, melanoma and endometrial 
[23], making it one of the most frequently mutated tumor 
suppressors. In addition, germline mutations of PTTJA'' predispose 
carriers to develop Cowden's disease and Bannayan-Zonana 
syndrome [24,25]. Recently, the association between polymor- 
phisms of PTEN gene and risk of cancer has been investigated in 
various types of cancer. One of the most commonly studied 
polymorphism was PTEM gene IVS4 (rs3830675) polymorphism 
in intron 4. As individual studies demonstrated inconsistent results, 
we performed the present meta-analysis to elucidate the exact role 
of PTEJV gene IVS4 (rs3830675) polymorphism in carcinogenesis. 

By performing the current meta-analysis, we found that PTEM 
IVS4 (— /— ) genotype was significantly associated with increased 
risk of cancer (OR= 1.45) and subgroup of digestive tract cancer 
(OR= 1.67) compared with (+/+) genotype; no significant 
association was observed between {—/—) genotype and risks of 
breast cancer or prostate cancer. The recessive effect model and 
dominant effect model also demonstrated significant association 
between PTEM IVS4 (rs3830675) polymorphism and increased 
cancer risk (-/- vs. (-/+ and +/+): OR= 1.56; (-/+ and -/-) 
vs. (+/+): OR =1.26) especially for digestive tract cancer. 
Similarly, (-) allele of PTEM IVS4 (rs3830675) polymorphism 
was also significantiy associated with increased risk of cancer 
(OR= 1.30) and digestive tract cancer (OR= 1.42) compared with 
(+) allele; no such significant association was found in subgroups of 
breast cancer or prostate cancer. Different cancer has its distinct 
mechanisms of initiation and progression, the obvious dilferent 
outcome of diverse cancer subtypes in this meta-analysis indicated 
that PTEM IVS4 (rs3830675) polymorphism might confer altered 
risks to various types of cancer. The consistent association between 
PZEA'^IVS4 (rs3830675) polymorphism and risk of digestive tract 
cancer in different genetic models suggested that PTEM might 
have specific role in the carcinogenesis of digestive tract cancer, 
which requires further studies to explore. As for different 
ethnicities, PTEM IVS4 (— /— ) genotype and (— ) allele were 
associated with increased risk of cancer in both Turkish and 
Chinese but not in American. Although different associations were 
observed in Asian and Caucasian, conclusion based on dififerent 
ethnicities should be drawn carefully due to the limited study 
number for Caucasians. In addition, heterozygous (+/— ) genotype 
was not significantly associated with altered cancer risk according 
to the pooled estimate in this meta-analysis. 

The role of PTEM as a tumor suppressor has been firmly 
established. PTEN antagonizes the phosphoinositol-3-kinase/ 
AKT signaling pathway and suppresses cell survival as well as 
cell proliferation, thereby safeguards important cellular machin- 
eries against tumorigenesis [26]. Besides, PTEN controls a variety 
of biological processes including cell proliferation, growth, 
migration and death [27]. Previous investigations regarding PTEM 
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Table 3. Results of publication bias test. 





Compared genotype 


Begg's test 




Egger's test 






z value 


P value 


t value 


P value 


(-/-) vs. (+/+) 


1.05 


0.293 


1.75 


0.141 


(+/-) vs. (+/+) 


-1.35 


0.176 


-0.96 


0.383 


(-/-) vs. [(-/+) and {+/+)] 


1.95 


0.051 


3.59 


0.016 


[(-/-) and (-/+)] vs. (+/+) 


-0.15 


0.881 


0.00 


0.996 


(-) allele vs. (+) allele 


1.65 


0.099 


2.66 


0.045 
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polymorphisms mainly focused on the exon region of PTEN gene. 
Quite recently, the intron polymorphism oi PTEN drew increasing 
attention. Although introns were originally believed to be 
nonfunctional because they do not code for proteins, it has been 
suggested that some of these sequences possess crucial functions 
[28] . Some introns could regulate expression of gene [29] while 
other ones could be further processed after splicing to generate 
noncoding RNA molecules [30]. Important intron sites with 
polymorphism could disrupt splicing process during transcription. 
The PTEINTVS4 (rs3830675) polymorphism may lead to a splicing 
error or may be by linkage disequilibrium with another locus to 
affect the expression and function of the PTEM. The alternation of 
PTEM expression would inevitably change the role of PTEN in 
maintaining genome stability, and loss of function of this tumor 
suppressor might therefore leads to carcinogenesis. Although the 
above-mentioned possible mechanism might partially explain the 
observed association between PTEM IVS4 (rs3830675) polymor- 
phism and cancer susceptibilities, rare functional study has been 
carried out and the exact mechanism remain largely elusive. 
Future functional studies are stiU needed to clarify the exact 
mechanism of the role of PT£A''IVS4 (rs3830675) polymorphism 
in carcinogenesis. 

Several limitations should be acknowledged in this meta-analysis 
when interpreting the results. First, the sample size of this meta- 
analysis was not sufTiciently large especially for the subgroup 
analyses. Second, only the studies published in English or Chinese 
were included in this meta-analysis, which might cause publication 
bias. Third, the ethnicities of most studies were Asian populations 
with only one study carried out in Caucasian, which deserves 
further confrrmations in other ethnicities. Finally, because other 
important data such as sex, age, family history and environment 
risk factors were not available, we could not obtained results with 
adjustments by other co-variables. 
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Conclusion 

To be concluded, this meta-analysis indicated that PTEMIVS4: 
{—/—) genotype was significandy associated with increased risk of 
cancer especially for digestive tract cancer compared with (+/+) 
genotype. The (-) allele of Pr£A/'IVS4 (rs3830675) polymorphism 
was significantly associated with increased risk of cancer especially 
for digestive tract cancer compared with (4-) allele. The recessive 
effect model and dominant effect model also demonstrated 
significant association between PTEA''IVS4 (rs3830675) polymor- 
phism and increased cancer risk especially for digestive tract 
cancer. Further large-scale and well-designed studies regarding 
different ethnicities are stiU required to confirm the results of our 
meta-analysis. 
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